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(54) Thin-film memory devices 

(57) A data storage device (8, 210, 310) includes a 
group of memory cells (12,110,312) and write-once op- 
erations may be performed by damaging the thin-film 
barriers (36) of at least some of the memory cells (12, 
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Description 

[0001] The present invention relates to data storage 
devices. More specifically, the present invention relates 
to a write-once thin-film data storage device. 5 
[0002] New types of non-volatile, thin-film memory in- 
clude Magnetic Random Access Memory ("MRAM") 
based on spin dependent tunneling ("SDT") junctions. 
Atypical SDT junction has a pinned ferromagnetic layer, 
a sense ferromagnetic layer and a thin insulating tunnel 10 
barrier sandwiched between the ferromagnetic layers. 
A logic value may be written to an SDT junction by ap- 
plying a magnetic field that sets the SDT junction's mag- 
netization orientation to parallel (logic value '0') or anti- 
parallel (logic value '1 '). Relative orientation and magni- * 5 
tude of spin polarization of the ferromagnetic layers de- 
termine the resistance state (R or R+AR) of the SDT 
junction. The logic value stored in the SDT junction may 
be read by sensing the resistance of the SDT junction. 
[0003] Another type of non-volatile, thin-film memory 20 
is polymer memory based on polar conductive polymer 
molecules. Data is stored as a "permanent polarization" 
in a polymer molecule (in contrast to an SDT junction, 
where data is stored as a 'permanent magnetic mo- 
ment 1 ). Polymer memory elements may be written by ap- 25 
plying electric fields. The resistance state (R or R+AR) 
of a polymer memory element is dependant upon the 
orientation of polarization of the polymer molecules. Pol- 
ymer memory elements may also be read by sensing 
their resistance. 30 
[0004] These thin-film memory elements are re-writa- 
ble. That is, data can be written to these elements many 
times. 

[0005] Write-once memory, in contrast, allows data to 
be written only once. Write-once memory is commonly 35 
used to permanently store key chip information such as 
chip/manufacture ID, access codes and error maps. 
[0006] Typical devices for storing key chip information 
include erasable programmable read-only memory 
("EPROM") devices and fuse programmable devices. *o 
However, EPROM and fuse programmable devices do 
not offer the high density and low voltage features of 
MRAM and polymer memory devices. Moreover, 
EPROM and fuse programmable devices are not easily 
integrated with MRAM and polymer memory devices. 45 
[0007] According to one aspect of the present inven- 
tion, a data storage device includes a group of thin-film , 
memory cells; and a circuit for applying a write potential 
to at least some of the memory cells. The memory cells 
have thin-film barriers that are damaged when the write so 
potential is applied. Write-once operations may be per- 
formed by damaging the thin-film barriers of at least 
some of the memory cells. 

[0008] Other aspects and advantages of the present 
invention will become apparent from the following de- 55 
tailed description, taken in conjunction with the accom- 
panying drawings, illustrating by way of example the 
principles of the present invention. 



Figure 1 is an illustration of a data storage device 
including an array of thin-film memory cells; 
Figures 2a and 2b are illustrations of write-once 
memory cells at different logic states; 
Figure 3 is an illustration of read and write voltages 
for the write-once memory cells; 
Figures 4a and 4b are illustrations of row and col- 
umn circuits for the data storage device of Figure 1 ; 
Figure 5 is an illustration of an alternative write-once 
thin-film memory cell; 

Figure 6 is an illustration of read and write voltages 
for the alternative write-once thin-film memory cell; * 
Figure 7 is an illustration of a data storage device 
including the alternative write-once thin-film mem- 
ory cells; 

Figure 8 is an illustration of a write-once thin-film 
memory register, and 

Figure 9 is an illustration of clock signals for the 
write-once thin-film memory register. 

[0009] As shown in the drawings for purposes of illus- 
tration, the present invention is embodied in a data stor- 
age device including an array of thin-film memory cells 
and circuitry for reading and writing the memory cells. 
Write-once operations may be performed by damaging 
the thin-film barriers of at least some of the memory 
cells. 

[0010] Reference is made to Figure 1, which illus- 
trates a data storage device 8 including a resistive 
cross-point array 10 of thin-film memory cells 12. The * 
memory cells 1 2 are arranged in rows and columns, with 
the rows extending along an x-direction and the columns 
extending along a y-direction. Only a relatively small 
number of memory cells 12 are shown to simplify the 
explanation of the device 8. In practice, arrays of any 
size may be used. 

[0011] Traces functioning as word lines 14 extend 
along the x-direction in a plane on one side of the array 
10. Traces functioning as bit lines 16 extend along the 
y-direction in a plane on an opposite side of the array 
10. There may be one word line 14 for each row of the 
array 10 and one bit line 16 for each column of the array 
10. Each memory cell 12 is located at a cross point of a 
corresponding word line 14 and bit line 16. 
[0012] The memory cells 12 form a resistive cross- 
point array because they include resistive elements that 
are coupled together through many parallel paths. The 
resistance seen at one cross point equals the resistance 
of the memory cell 12 at that cross point in parallel with 
resistances of memory cells 12 in the other rows and 
columns. 

[0013] The device 8 further includes a read/write cir- 
cuit (represented by first and second row circuits 18 and 
20 and first and second column circuits 22 and 24) for 
applying read and write potentials to selected memory 
cells during read and write operations. To generate the 
read and write currents, the first and second row circuits 
18 and 20 apply appropriate potentials to the word lines 
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14, and the first and second column circuits 22 and 24 
apply appropriate potentials to the column lines 16. 
[0014] The second column circuit 24 also includes 
sense amplifiers for sensing the resistance states of the 
selected memory cells. The resistance states indicate 
the stored logic values. 

[0015] Sneak path currents may present a problem 
during read operations because the memory cells in the 
array are coupled together through many parallel paths. 
If not blocked, the sneak path currents tend to obscure 
the sensing. 

[001 6] There are different ways of blocking the sneak 
path currents during read operations. For example, the 
device 8 may include switches or diodes for isolating the 
selected cells and thereby blocking the sneak path cur- 
rents. 

[0017] In the alternative, the sneak path currents may 
be blocked by implementing an "equ {potential" method 
disclosed in copending European patent application 
01303221.4 and incorporated herein by reference. A 
read potential may be applied to the bit line crossing the 
selected memory cell and a ground potential may be ap- 
plied to the word line crossing the selected memory cell. 
Consequently, a sense current flows through the select- 
ed memory cell. To prevent the sneak path currents from 
obscuring the sense current, the same potential is ap- 
plied to a subset of unseiected bit lines and unselected 
word lines. 

[0018] During a write operation, the read/write circuit 
applies write potentials to selected word and bit lines 14 
and 16. Consequently, electric or magnetic fields are 
created about the selected word and bit lines 14 and 16. 
A memory cell 12 seeing both fields (that is, a memory 
cell lying at a cross point of a selected word line and a 
selected bit line) is referred to as a "selected" memory 
cell. All of the other memory cells 12 along the selected 
word line 14 will see one of the two fields, and all of the 
other memory cells 1 2 along the selected bit line 16 will 
see the other of the two magnetic fields. These memory 
cells 12 seeing one of the two magnetic fields are re- 
ferred to as "half-selected" memory cells. The remaining 
memory cells 12 in the array 10 are referred to as "un- 
selected" memory cells. 

[0019] A re-writable operation may be performed by 
applying first and second write potentials to the word 
and bit lines 14 and 16. Resulting is a field that sets the 
resistance state of the selected memory cell to a nomi- 
nal value (R) or a higher value (R+AR). The first and 
second write potentials do not cause a dielectric break- 
down of the thin-film barrier (e.g., tunnel insulating bar- 
rier) selected memory cell. Consequently, the resist- 
ance state can be changed repeatedly. 
[0020] A write-once operation may be performed by 
applying third and fourth write potentials to the word and 
bit lines 14 and 16. The third and fourth write potentials 
do not cause dielectric breakdowns of the thin-film bar- 
riers of half-selected memory cells. However, the third 
and fourth potentials cause a dielectric breakdown of the 



thin-film barrier of the selected memory cell. Conse- 
quently, the third and fourth write potentials cause the 
thin-film barrier to become overstressed or damaged, 
and the selected memory cell is changed permanently 

5 to a low resistance state. Read currents do not cause 
damage to undamaged thin-film barriers. The resist- 
ance state of a write-once thin-film memory cell accord- 
ing to the present invention can be changed only once, 
from a high resistance state to a low resistance state 

10 [0021] One or more groups of the memory cells 12 
may be designated for write-once operations and the re- 
maining memory cells 12 may be designated for rewri- 
table operations. In a group designated for write-once 
operations, the memory cells having damaged thin-films 

15 represent a first logic state and the memory cells having 
undamaged thin-films represent a second logic state. 
[0022] The memory cells may be conveniently 
grouped by columns. That is, "write-once" columns of 
memory cells 12 may be designated for write-once op- 

20 erations and "re-writable" columns of memory cells 1 2 
may be designated for re-writable operations. Such a 
grouping allows write circuits to be fabricated for the 
write-once columns and different write circuits to be fab- 
ricated for the re-writable columns. Write circuits for the 

25 write-once columns apply the third and fourth write po- 
tentials to selected memory cells, and write circuits for 
the re-writable columns apply the first and second write 
potentials to selected memory cells. In the alternative, 
a write circuit could be designed to apply either the first 

30 and second operating potentials to a selected memory 
cell or the third and fourth operating potentials to the 
selected memory cell. 

[0023] The fabrication process for the array 10 need 
not be modified; memory cells 12 designated for write- 

35 once operations have the same construction as memory 
cells 12 designated for re-writable operations. However, 
the fabrication process should be controlled so that the 
breakdown parameters are controlled to a narrow range 
within limits set by write drivers for the read/write circuit. 

40 [0024] Reference is now made to Figures 2a and 2b, 
which show write-once thin-film memory cells 12 at dif- 
ferent resistance states. Each thin-film memory cell 12 
includes a resistive memory element 30. Each resistive 
memory element 30, in turn, includes first and second 

45 conductors 32 and 34 and a high-resistance thin-film 
barrier 36 therebetween. In an SDT junction, for exam- 
ple, the first conductor 32 may be a free ferromagnetic 
layer, the second conductor 34 may be a pinned ferro- 
magnetic layer and the thin-film barrier 36 may be an 

50 insulating tunnel barrier. In a polymer memory element, 
the first conductor 32 may be a metal, the second con- 
ductor 34 may be a metal, and the thin-film barrier 36 
may be a polymer memory material. 
[0025] The thickness of the thin-film barrier 36 is se- 

55 lected so the barrier breaks down when the third and 
fourth write potentials are applied, but not when the first 
and second write potentials are applied. Dielectric 
breakdown generally occurs at a critical electric field 
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rather than a critical voltage. 
[0026] The thin-film barrier 36 of the memory cell 12 
shown in Figure 2a has not yet been broken down, over- 
stressed or otherwise damaged- Therefore, the memory 
cell 12 has a nominal resistance that corresponds to the 
first logic value. When a sense current flows through a 
selected memory cell 12, the thin-film barrier does not 
break down. 

[0027] The thin-film barrier of the memory cell 12 
shown in Figure 2b has already been broken down. 
Therefore, the memory cell 12 shown in Figure 2b has 
a resistance that is lower than the nominal. This lower 
resistance corresponds to the second logic value. 
[0028] The resistance of the resistive memory ele- 
ment 30 shown in Figure 2a (undamaged barrier) may 
be on the order of 1 Megohm, and the resistance of the 
resistive memory element 30 shown in Figure 2b (dam- 
aged barrier) may be on the order of 1 00 ohms to 1 0,000 
ohms. In contrast, a resistive memory element of a re- 
writable memory cell may have a resistance on the order 
of 1 Megohm in one resistance state and 1.1 Megohm 
in the other resistance state. 

[0029] If a memory element 30 has a resistance near 
zero, it might draw excessively large read and write cur- 
rents during read and write operations. To prevent such 
a memory element 30 from drawing large currents, a re- 
sistor 38 may be connected in series with the resistive 
memory element 30. The resistance of the series-con- 
nected resistor 38 should be low enough to have a min- 
imal effect on read operations and high enough to have 
minimal effect on write operations. Thus, the actual re- 
sistance of the series-connected resistor 38 should iso- 
late the memory element 30 without degrading the sens- 
ing of the sense current during read operations and with- 
out degrading the write currents during write operations. 
The resistance range of the series-connected resistor 
38 may be between 0.1 % and 50% of the nominal. Thus, 
if the resistive memory element 30 has a damaged bar- 
rier 36, the resistance of the memory cell 12 will at least 
be equal to the resistance of the series-connected re- 
sistor 38. Assignee's U.S. serial no. 09/663,752 filed on 
15 September 2000 and entitled "SHORT TOLERANT 
RESISTIVE CROSS POINT ARRAY" 

which is incorporated herein by reference, disclos- 
es resistive elements that are connected in series with 
memory elements. 

[0030] Reference is now made to Figure 3, which il- 
lustrates the read and write voltages for the memory 
cells. The maximum read voltage (V RMAX ) is less than 
the minimum write-once voltage (V WMIN ). The voltage 
for a write-once operation is greater than the minimum 
write-once voltage (V WMIN ) and less than or equal to the 
full V DD voltage. Thus there is no overlap between the 
read and writeonce voltages. 

[0031] The voltage for a write-once operation is ap- 
plied for a short interval. The dielectric breakdown oc- 
curs very quickly once the breakdown threshold is ex- 
ceeded. A write-once operation could be performed 



within a single clock period (1 0 to 30ns). Breakdown cur- 
rent could be monitored and the write-once voltage re- 
moved as soon as. breakdown is detected. However, it 
would be simpler to apply the write-once voltage for a 

5 short, fixed period of time. 

[0032] The voltage applied during a re-write operation 
is limited by the breakdown limits of the memory cell, 
which is at the maximum read voltage (V RMAX ). Thus, 
the voltage during a re-write operation is less than the 

10 maximum read voltage (V RMAX ). A typical voltage during 
a read operation is between ground potential (GND) and 
the voltage for the re-write operation. 
[0033] Reference is made to Figures 4a and 4b, which 
shows the first row and second column circuits 18 and 

15 24 in greater detail. The first row circuit 18 includes a 
first switch 52 for each word line 14. The first switch 52 
performs three functions: connecting the selected word 
lines 14 to ground for both read and write operations; 
connecting the unselected word lines 14 to the array 

20 voltage (Vs) during read operations (which allows equi- 
potential reads to be performed); and connecting the un- 
selected word lines 14 to the half-select write voltage 
(Vw) during a write-once operation, if write-once and re- 
write functionality is combined, the first switch 52 pro- 

25 vides an open circuit for the unselected rows during re- 
write write operations. The half-select voltage (Vw) is 
less than the breakdown voltage. 
[0034] During read and write-once operations, the 
second row circuit 20 connects all word lines to a high 

30 impedance (e.g., open switches). During a re-write op- 
eration, the second row circuit 20 applies a row write 
voltage to all the word lines 14 or, alternately, supplies 
the row write voltage to only the selected word lines 14 
and connects the unselected word lines to a high imped- 

35 ance (e.g., open switches). 

[0035] During read and write-once operations, the 
first column circuit 22 connects all bit lines 16 to a high 
impedance. During a re-write operation, the first column 
circuit 22 connects the selected bit line 1 6 to the circuits 

40 18 to 24 and all the unseiected bit lines 16 to a high 
impedance (e.g., open switches). 
[0036] The second column circuit 24 includes a sense 
amplifier 54 and a plurality of second switches 56. Each 
second switch 56 performs three functions: connecting 

45 the selected column 16 to the input of the sense ampli- 
fier 54 during read and re-write operations; connecting 
the unselected bit lines 16 to the array voltage (Vs) dur- 
ing read operations; and connecting the unselected bit 
lines 16 to a half select voltage (Vw) during write-once 

so operations. When connected to a selected bit line, the 
sense amplifier 54 senses the resistance state of select- 
ed memory cells during a read operation and applies a 
re-write potential during a re-write operation. During a 
write-once operation, the sense amplifier 54 applies a 

55 ground potential to write a logic '0' and twice the half- 
select voltage (2VW) to write a logic '1\ Applying twice 
the half-select voltage causes a breakdown. 
[0037] Figure 4a shows the first row circuit 18 and 
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second column circuits 24 during a read operation. Dur- 
ing a read operation, the first switches 52 tie a selected 
word line 14 to ground and unselected word lines 14 to 
the array voltage (Vs), and the second switches 56 con- 
nect a selected bit line 1 6 to the sense amplifier 54 and 5 
the unselected bit lines 16 to the array voltage (Vs). The 
sense amplifier 54 applies a read potential to the select- 
ed bit line and senses a sense current. 
[0038] Figure 4b shows the first row and second col- 
umn circuits 18 and 24 during a write operation. During 
a write-once operation, the second switches 56 apply a 
write potential (either GND or 2*Vw) to one end of the 
selected bit line 16 and a half select write potential (Vw) 
to the unselected bit lines 1 6. The first switches 52 apply 
a write potential (GND) to the selected word line 14 and 
a half select write potential (Vw) to the unselected word 
lines 14. The cell 12 at the cross point of the selected 
bit line 16 and the selected word line 14 sees a voltage 
(2*Vw) greater than the breakdown voltage to write a 
logic T or a zero voltage to write a logic '0\ while all the 
unselected memory cells see either a zero voltage or a 
half-select voltage. 

[0039] Thus disclosed is write-once thin-film memory 
that has a higher density than EPROM and fuse pro- 
grammable memory. The write-once thin-film memory 
also has lower voltage operation than EPROM and fuse 
programmable memory. The full V DD voltage can be 
used to overstress the thin-film barriers. Thus, lower en- 
ergy is used to write the write-once thin-film memory 
cells than memory cells in fuse programmable devices. 
Lower energy, in turn, results in less structural damage 
and higher reliability. The lower read and write voltages 
also make the write-once thin-film memory compatible 
with leading edge CMOS technologies. 
[0040] The write-once thin-film memory is fabricated 
with the same components and process technology 
used in fabricating re-writable thin-film memory. The 
fabrication process need not be changed to mix write- 
once and re-writable memory cells. Thus, unlike 
EPROM and fuse programmable memory, the write- 
once memory cells may be mixed on the same silicon 
substrate with the re-writable memory cells. Advantages 
of mixing the write-once and re-writable memory cells 
include the same basic memory cell structure; and a 
simpler design for the read circuits for the write-once 
memory, which allows a sub-set of the write-once mem- 
ory to be automatically sensed during the power up cy- 
cle of the circuit. Another advantage is that write-once 
data is stored permanently and can be used for ID, se- 
curity, power on configuration, or application code stor- 
age. Thus, separate chips are not needed to store key 
chip information such as chip/manufacture ID, access 
codes and error maps. 

[0041] The write-once thin-film memory has a robust 
read operation. The difference between logic '1' and 'O* 
states is relatively large. For example, a write '0' may be 
represented by a resistance of 1 Megohm, and a write 
T may be represented by a low resistance of 1,000 



ohms. Such a large difference is relatively easy to de- 
tect, and it simplifies the read circuit design. 
[0042] The device 8 is not limited to any particular type 
of thin-film memory. MRAM and polymer memory are 
but two types. MRAM memory elements may include 
SDT junctions and giant magnetoresistance ("GMR") 
devices. 

[0043] If diodes or switches are used for blocking 
sneak path currents during read operations, the read cir- 
cuitry need only apply appropriate potentials to the word 
and bit line crossing the selected memory cell in order 
to generate a sense current. 

[0044] The write-once thin-film cells may be located 
anywhere in the array 10. -However, the write-once 
memory cells may be separated from the rewritable 
memory cells to allow more robust sense amplifiers to 
be used for the write-once memory. Separate groups of 
write-once memory cells may be operated at power up 
to provide special functions such as setting up configu- 
ration data, error maps, or ID data. 
[0045] Figure 5 shows an alternative memory cell 110, 
which includes a write-once thin-film resistive memory 
element 112 and an access transistor 114 connected in 
series with the resistive memory element 112; and Fig- 
ure 6 shows voltages applied during read and write- 
once operations. During a read operation on the alter- 
native memory cell 110, the access transistor 114 may 
be operated as a source follower. A voltage (V R ) applied 
across the write-once memory element 112 is approxi- 
mately equal to the voltage (V GAXE ) to the access tran- 
sistor gate less the body effect threshold voltage of the 
access transistor 114. The gate voltage (V GATE ) is kept 
low in order to keep a low voltage (V R ) across the write- 
once memory element 112. The access transistor 114 
functions as a current source, isolating the memory el- 
ement 112 at the source of the access transistor 114 
from a sense amplifier 116 coupled to the drain of the 
access transistor 114. Sense voltages (Vr/w) at the 
drain of the access transistor 114 may go high without 
damaging the thin-film barrier of the memory element 
112 during read operations. The sense amplifier 116 can 
compare a sense current Or/w) to a threshold in order 
to determine the resistance state of the write-once mem- 
ory element 112. 

[0046] Data may be written to the memory cell 1 1 0 by 
applying the full V DD voltage to the gate and drain of the 
access transistor 114. Thus V GATE =V DD and Vr/v^Vqd. 
The resulting voltage (V R ) applied to the memory ele- 
ment 112 causes the thin-film barrier to overstress and 
break down. Once the overstress occurs, the gate volt- 
age ( v gate) is removed. The gate voltage (V GAXE ) may 
be applied for a duration of less than one clock period. 
[0047] The access transistors 114 may be used only 
in the memory cells 110 designated for write-once op- 
erations, or they may be used in all of the memory cells 
110. If used in all of the memory cells 110, the access 
transistors 114 may be controlled to prevent sneak path 
currents from obscuring the sense currents during read 
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operations. 

[0048] Figure 7 shows a data storage device 210 in- 
cluding an array 212 of the alternative write-once mem- 
ory cells 110. Gates of the access transistors 114 are 
connected to word lines 214 and drains of the access 
transistors 114 are connected to bit lines 216. The de- 
vice 210 further includes a current mode sense amplifier 
218 and bit line access transistors 220. A reference el- 
ement 222 is used to provide a reference current (i r ) for 
comparison to the sense current (i s ). 
[0049] During a read operation, a memory cell 110 is 
selected by selecting its crossing word and bit lines 214 
and 216. Sense current (i s ) flows through the selected 
memory cell 110. In addition, a transistor 224 is closed, 
whereby reference current (i r ) flows through the refer- 
ence element 222. Magnitude of the reference current 
(i r ) lies between the sense current corresponding to an 
undamaged barrier logic '0* and a sense current corre- 
sponding to a logic '1\ For example, the reference cur- 
rent magnitude may be four times the expected magni- 
tude of sense current flowing through a memory cell 
having an undamaged barrier. 

[0050] The current mode sense amplifier 218 includes 
a buffer amplifier 226 and a ratioed current mirror 228 
for comparing the sense current (i s ) to a ratioed current 
mirror current to determine the resistance state of the 
selected memory cell 110. The ratioed current mirror 
228 includes three p-channel transistors and two n- 
channel transistors. One p-channel transistor 230 is 
larger than its neighboring p-channel transistor 232. If, 
for example, the one p-channel transistor 230 is four 
times larger than its neighboring p-channel transistor 
232, the sense current (i s ) is three times the reference 
current (i r ). The reference current (i r ) pulls up a sense 
node (xs) if the selected memory cell 110 does not have 
a damaged barrier (high resistance) and pulls down the 
sense node (xs) if the selected memory cell 110 has a 
damaged barrier (low resistance). 
[0051] The buffer amplifier 224 may include a pair of 
inverters connected in series to function as a sense am- 
plifier comparator and an output driver. The pair of in- 
verters perform the function of buffering a high imped- 
ance node (node Y1 ) from circuits connected to the am- 
plifier output (i.e., the pair of inverters buffer the input 
and output and amplify the input signal). The pair of in- 
verters also function as a comparator when the sense 
node (xs) is pulled below a switch threshold of the pair 
of inverters, the buffer amplifier 226 reports an-output 
signal (Dout) representing a logic '0 f and when the sense 
node (xs) is above the switch threshold, the output sig- 
nal (Dout) represents a logic T. Thus the sense ampli- 
fier 218 functions as a current mirror comparator. 
[0052] Data is written to the selected memory cell 110 
by controlling the gate signals (dO to dn) to the bit line 
access transistors 220 and a reset transistor 234 ac- 
cording to the write-once conditions described above in 
connection with Figures 5 and 6. The function of the re- 
set transistor 234 is to pull the sense node (xs) high be- 



tween read operations and to supply the write potential 
during the write operations as described in Figure 6. 
[0053] The present invention is not limited to memory 
cell arrays. For example, a write-once register may in- 
5 elude the write-once thin-film memory cells. The write- 
once register does not have word lines. Memory cells 
are selected by selecting bit lines only. The full write po- 
tential applied to a selected bit line causes a dielectric 
breakdown in a selected memory cell. 
10 [0054] Reference is now made to Figure 8, which 
shows a write-once register310 including a memory cell 
312. The memory cell 312 includes a thin-film element 
314, an access transistor 31 6 and a write transistor 318. 
A drain-source path of the write transistor 318 is coupled 
15 across the drain-source path of the access transistor 
316. The write-once register 310 further includes a dif- 
ferential amplifier 320 connected between first and sec- 
ond nodes (na and nb). The differential amplifier 320 is 
configured to sense a resistance difference between a 
20 reference cell 322 and the thin-film element 314 while 
maintaining a low read voltage on the reference cell 322 
and the thin-film element 314. The differential amplifier 
320 also applies the write voltage to the write-once thin- 
film element 314. 
25 [0055] Additional reference is made to Figure 9. Read 
and write operations are controlled by first, second and 
third clock signals (LV1 , LV2, LV3), an equalization sig- 
nal (EQ) and a write signal (W). These signals are gen- 
erated by a control signal generator 324. 
30 [0056] A write data signal (Din) is supplied to the gate 
of a transistor 326 having its drain-source path coupled 
between the first node (na) and ground. A signal (Dinb) 
representing the compliment of the write data signal 
(Din) is supplied to the gate of a transistor 328 having 
35 its drain-source path coupled between the second node 
(nb) and ground. To write the register 310 reliably, the 
transistors 326 and 328 are controlled to pull down ei- 
ther the first or second node (na or nb) according to the 
level of the write data signal (Din). 
40 [0057] A write operation is performed by turning on a 
p-channel transistor 330 (with the second clock signal 
LV2) to bring the internal node of the differential amplifier 
320 to full VDD level, and supplying the write data signal 
(Din) to the gate of its transistor 326. If the data signal 
45 (Din) is low, then the voltage on the first node (na) is 
allowed to float and the voltage on the second node (nb) 
is forced low. Consequently, no voltage is applied to the 
write-once element 314 when the write signal (W) is as- 
serted. Thus, if the resistance of the write-once element 
50 314 is high when the write signal (W) is asserted, it re- 
mains high. 

[0058] If, however, the data signal (Din) is high, the 
differential amplifier 320 is driven to full V DD voltage at 
the second node (nb). When the write access transistor 
55 318 is turned on and the write signal W is asserted, the 
voltage on the second node (nb) is forced high to full 
V DD voltage, and the high voltage is applied to the thin- 
film element 314. The high voltage causes a dielectric 
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breakdown in the thin-film element 314. 
[0059] During a read operation, the differential ampli- 
fier 320 senses the stage of the thin-film element 314 in 
two steps. First an n-channel transistor 332 is turned on 
(by the first clock signal LV1) to bring the voltage on the 
first and second nodes (na and nb) to a low voltage (ap- 
proximately V DD /2). Next an equalization transistor 334 
is turned on (by the equalization signal EQ) to force both 
nodes (na and nb) to an equal (low) voltage, and the 
access transistors 316 and 336 are turned on (by the 
third control signal LV3) to connect the memory and ref- 
erence cells 312 and 322 to the inputs of the differential 
amplifier 320. When equalization signal EQ is removed, 
a differential voltage develops across the first and sec- 
ond nodes (na and nb). This differential voltage is de- 
termined by the resistance of the thin-film element 314 
as compared to the resistance of the reference cell 322. 
The resistance of the reference cell 322 may have a val- 
ue equal to the average value of the nominal resistance 
of the thin-film element 314 and its resistance in the low 
resistance state. After a short delay to allow the differ- 
ential voltage develop, the third control signal (LV3) 
turns off the access transistors 316 and 336 to isolate 
the memory and reference cells 312 and 322 from the 
differential amplifier 320. 

[0060] The second step is performed by turning on the 
p-channel transistor 330 to bring the nodes (na and nb) 
of the differential amplifier 320 to full V DD voltage. The 
full V DD voltage conveys the state of the register 310 as 
a full swing logic signal to the logic circuits connected 
to the data output of the register 310. The data output 
of the register 310 is taken from first node (na). 
[0061] During the read operation, the thin-film mem- 
ory element 314 is isolated from the full V DD by the ac- 
cess and write transistors 316 and 318, which are con- 
trolled by the third clock signal (LV3) and a write signal 
(W). The access transistor 316 functions as a voltage 
follower that limits the voltage V R to the gate voltage 
(V GATE ) less the body effect threshold voltages of the 
access transistor 316. The gate voltage on the access 
transistor 31 6 is limited by limiting the third clock signal 
(LV3) to a voltage less than the full V DD voltage (e.g., 
V DD / 2). The write signal (W) operates the write tran- 
sistor 318 as an on-off switch. Thus high voltages at the 
second node (nb) are not applied to the thin-film memory 
element 314 during read operations. 
[0062] The write-once thin-film memory is not limited 
to any particular application. It could be used for any low 
cost, permanent storage application. In addition to chip/ 
manufacture ID, access codes, and error maps, appli- 
cations for the write-once thin-film memory include 
write-once digital film for digital cameras, write-once 
MP3 digital audio storage, write-once user ID fields for 
passwords or security, program code storage, etc. 
[0063] The present invention is not limited to the spe- 
cific embodiments described and illustrated above. In- 
stead, the invention is construed according to the claims 
that follow. 



Claims 

1. A data storage device (8, 210, 310) comprising: 

5 a group of thin-film memory cells (12, 110,312); 

and 

a circuit (18 to 24, 218, 320) for applying write 
potentials to at least some of the memory cells 
(12,110,312); 

10 the memory cells (12, 110, 3 12) having thin-film 

barriers (36) that are damaged when the write 
potentials are applied. 

2. The device of claim 1 , wherein the group is an array 
15 (10, 212) of memory cells (12). 

3. The device of claim 2, wherein the circuit (1 8 to 24) 
applies first and second write potentials to word and 
bit lines (14 and 1 6) crossing a first group of memory 

20 cells during re-write operations, the first and second 
write potentials not causing dielectric breakdown in 
selected memory cells of the first group; and where- 
in the circuit (18 to 24) applies third and fourth write 
potentials to word and bit lines (14 and 16) crossing 

25 a second group of memory cells during write-once 
operations, the third and fourth write potentials 
causing dielectric breakdown in selected memory 
cells (12) of the second group. 

30 4. The device of claim 3, wherein the memory cells 
(12) of the first group can be switched between a 
nominal resistance corresponding to a first logic val- 
ue and a second resistance state corresponding to 
a second logic value; wherein the memory cells (1 2) 

35 of the second group have either the nominal resist- 
ance corresponding to the first logic value or a third 
resistance corresponding to the second logic value; 
and wherein the nominal, second and third resist- 
ances are different. 

40 

5. The device of claim 2, further comprising a plurality 
of word and bit lines (14 and 16), each memory cell 
(12) being at a cross point of a word line (14) and a 
bit line (16); and wherein the circuit (18 to 24) in- 
45 eludes: 

a sense amplifier (54); 

a first switch (52) for each word line (14), each 
first switch (52) connecting a selected row to 

so ground for both read and write operations, con- 

necting an unselected row to an array voltage 
during read operations, and connecting unse- 
lected rows to a half-select write voltage during 
write-once operations; and 

55 a second switch (56) for each bit line (16), each 

second switch (56) connecting a selected bit 
line to an input of the sense amplifier (54) dur- 
ing read and write operations, connecting un- 
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selected bit lines to the array voltage during 
read operations, and connecting the unselect- 
ed bit lines to a half-select voltage during write- 
once operations. 

5 

6. The device of claim 5, wherein the sense amplifier 
(54) senses the resistance states of selected mem- 
ory cells (12) during read operations and applies re- 
write potentials to selected memory cells during re- 
write operations; and wherein during write-once op- 10 
erations, the sense amplifier (54) applies a ground 
potential to write a logic '0' to selected memory cells 
(12) and twice the half-select voltage to write a logic 

'V to selected memory cells (12). 

15 

7. The device (210) of claim 2, wherein the circuit in- 
cludes a sense amplifier (218) including a ratioed 
current mirror (228) and a buffer amplifier (224) for 
sensing a resistance state of a selected memory 
cell (110). 20 

8. The device (310) of claim 1, wherein the group in- 
cludes registers of write-once memory cells (312). 

9. The device of claim 8, wherein the circuit includes 25 
a differential amplifier (320) and a reference ele- 
ment (322), the differential amplifier (320) indicating 

a difference between sense and reference currents 
flowing through selected memory cells (312) and 
the reference elements (322) during read opera- 30 
tions on the selected memory cells (312), the differ- 
ences indicating the resistance state of the selected 
memory cells (312), the differential amplifier (320) 
generating a full write voltage during write opera- 
tions, the circuit further including a transistor (326, 35 
328) for pulling down the node according to a state 
of an input line. 

1 0. The device of claim 1 , wherein each memory cell 
includes a memory element (112), and an access 40 
transistor(114) for the memory element (112); and 
wherein voltages applied to the memory elements 
(112) are limited by controlling gate voltages of the 
access transistors (114). 

45 
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